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ABSTRACT 


Twenty-eight healthy female subjects in second and 
third year physical education at the University of Alberta 
were used to determine the influence of a test-induced stress 
on the prediction of maximal oxygen uptake as determined by 
the Astrand-Ryhming Nomogram and any variation of results 
which occurred with subjects working at a low work load, 
designed to produce a steady state heart rate of approximately 
138 beats/min. and subjects working at a high work load, de- 
Signed to produce a steady state heart rate of approximately 


164 beats/min. 


Four tests were administered to each subject over a 
period of 3 to 4 weeks. Each subject was assigned randomly 
to the low (Group I) or high (Group II) work load following 
an initial test and no previous indication was given that a 
stress would be administered in Trial 2. The test was per- 
formed on a Monarch Bicycle Ergometer until subjects reached 
a steady state heart rate close to 138 or 164 beats/min. 
after 6 minutes of exercise and heart rate was recorded at l 
minute intervals throughout the test. At the beginning of 
Trial 2, a pistol was fired once directly behind the subject's 


head. Work capacity was determined using the Astrand-Ryhming 
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Nomogram. Results were analysed with Pearson Product-Moment 
Correlation Coefficients, and a two way analysis of variance 
repeated on four trials, and a one way analysis of variance 


repeated on four trials. 


Results obtained were: The mean steady state heart 
macLesn Orga! 28esub jl ectsewerecze P1AI.d Boy l51207, L47229% 
L445 2cem Lom Group dathey were:a¢1384.14,4138.865.135,54,, 
Po sO OmiGLOupita theyeweresey LO5.327 1605.29, 159.04, 
157.69. Statistical analysis indicated that there was a 
Significant difference between the means over the four trials 
for Group Ii (P = .01). This difference was not between the 
control (trial 1b) and stress (trial 2) trials, however, but 
appeared to be between trials 1 and 3, trials 1 and 4, trials 
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Correlation coefficients between the four trials for 
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Significant at the .05 level) 


Within the limits of the study, the following con- 


clusions have been made: 
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1. For the population studied, stress appeared to have 
no significant influence on the prediction of maximal oxygen 


uptake as measured by the Astrand-Ryhming Nomogram. 


2. Stress did appear to influence the mean heart rates 
during the initial period of exercise, however, this influence 
was abolished before the conclusion of exercise. This influence 


was mone sprOlonged yilethe case ,ofethe low sworkTloadigroup. 


3. Improvement in prediction occurred with repeated 
testing of the subjects. No attempt was made to differentiate 
between training and learning effects. Familiarization of the 
subjects with the test may have contributed to this improve- 


ment. 


4, The reliability of this predictive test appeared 


to be higher with heavier work loads. 
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CHAPTER I 
STATEMENT OF THE PROBLEM 
Introduction 


Exercise physiologists generally agree that the 
individual's capacity to perform long continued physical 
work in a temperate environment is limited by the com- 
bined capacity of the respiratory and cardiovascular 
systems to deliver oxygen to the working muscles (the 
Maximal oxygen intake) (10, 39, 41, 54, 64). Accordingly, 
the maximal oxygen intake is a useful criterion for 
assessing the over-all capacity of an individual to perform 
aerobic work. Also, the accurate measurement of this ef- 
ficiency is considered to be the best objective measure of 
physical fitness, as reflected by the cardio-respiratory 


Syecona (loym 44585 1b 25 76:9) £ 


Varicus methods of assessing maximal oxygen intake 
have been developed (7, 51, 63, 64, 69). This measurement, 
when obtained under properly standardized conditions, has 
been shown to be a highly reproducible characteristic of 
the individual, having a ncegreadene OfereliabilityZo£ 


0.95 (64). 
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2 
The test does have, however, certain impracticali- 
ties; it is time-consuming, and thus not commonly used in 
the study of large groups, it is complicated and costly 
in terms of equipment, it requires a high degree of 
cooperation from the subject, and it involves the poten- 
tial risk of subjecting subjects to the stress of physical 


exertion sufficient to produce a maximal oxygen intake. 


Several techniques have been developed to predict 
maximal oxygen intake from performance characteristics at 
submaximal work loads. Under carefully standardized con- 
ditions, in selected homogeneous groups, the pulse rate at 
submaximal levels of work is systematically related to the 
Waximal oxygen intake (12, 74). Thus, the capacity to 
perform physical work can be estimated from study of the 
pulse rate at submaximal work levels. Indeed, Astrand 
and Ryhming (12) have constructed a nomogram which rests 
upon this postulate. The maximal oxygen intake is pre- 
dicted with this nomogram from a single measurement of 


oxygen uptake and pulse rate at a submaximal work load. 


A number of investigators have compared the values 
obtained on the Astrand-Ryhming nomogram and values ob- 
tained by direct measurement, and reported high correla- 
tions between predicted ond aCtucieevalues: (1252-30 ,°-27)"% 


Glassford (36), in a recent study, compared the Astrand- 
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3 
Ryhming predicted values to those found directly by three 
of the more commonly used tests of this capacity. He 
found that the relationship between the nomogram values 
and any one set of values determined by a direct technique 
was as good as the relationship between the values of any 


two direct measures examined in that study. 


There are serious limitations, however, connected 
with the use of heart rates at submaximal work loads. 
There are a large number of physiological conditions which 
will alter the work pulse rate, and thus rigid standardiza- 
tion is necessary if the results of the procedure are to 


be interpreted in terms of work capacity. 


These factors include the degree of physical 
conditioning (26, 57), elapsed time after the previous 
meal (48, 65), total circulating hemoglobin (14, 45), the 
degree of hydration of the subject (1, 24), alterations 
in atibwent ttemperaturess(2314 32), ©S)e¢athydrosttaticably in- 
duced changes resulting from prolonged erect posture (3, 
32, 6594 Reatiouen(65), mechanical efficiency (32, 47), 
and the emotional state or degree of Extiicetiontt of the 


subject. &(5i/ mich as 


If such a predictive test is to have practical 
application, the influence of such factors on the test 


must be examined. Many of these factors have been care- 
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4 
fully investigated. The question of whether stress and 
excitement alter the prediction of maximal oxygen in- 
take, however, is the factor which most requires 


deeper investigation at the present time. 
Statement of the Problem 


The purpose of this study was to investigate the 
influence of a test-induced stress on the prediction of 
maximal oxygen intake, as determined by the Astrand- 


Ryhming nomogram. 


Subsidiary Problems 


The following subsidiary problems were investi- 
gated: 

1. The variability of the influence of stress between 
subjects working at a lower work load, producing a 
steady state heart rate of approximately 138 beats/ 
min., and those working at a heavier work load, 
producing a steady state heart rate of approximately 
164 beats/min. 

2. Determining the inter and intra individual variability 
of the steady state heart rate values. 

3. The influence of anticipation and familiarization of 


the subjects with repeated testing. 
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Justification of the Study 


It appears evident from the previous discussion 
that there are a large number of conditions which will 
alter the submaximal work pulse rate. The influence 
of stress on predicted maximal oxygen intake is the factor 
which, at the present time, most requires deeper investi- 


gation. 


AstiLand eusalse(6)@state, onethe basiseof, their 
research, that the influence of stress may have a marked 
influence on the heart rate at rest. They go on to 
state, however, that during exercise the psychological 


dneluencesoneheartpratesis more-ors lesssabolashed? 


Until recently, experimenters who employed sub- 
maximal tests accepted this assumpticn that the stress 
of work overrides the effect of any emotional stress on 
Ehesworkepulse rate (18, 22), A number of authors, at 
the present time, however, have questioned this assump- 
tion and suggested that further investigation is needed 
into the influence of stress and emotion on submaximal 


WOLKMDUISGerdtes (16, 49,0577. 09 70/0). 


Taylor et al. (65) reported that submaximal pulse 
rates were significantly higher when subjects took their 


first test than on retesting. Several other investigators 
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(29, 49, 57, 60) have reported similar results. 


It is necessary at the present time to study the 
influence of a specific stress situation on a large num- 
ber of subjects. Rowell, Taylor and Wang (57) studied 
the effects of the stress of catheterization on seven 
subjects. They reported no significant difference in pulse 
rates before training, but a 6 per cent greater under- 


estimation of maximal oxygen intake after training. 


Borg and Dahlstrom (20) studied the reliability 
of pulse rates at submaximal work loads. They found a 
Signiricantly Higher”’relvability at 900 KPM than at 600 
KPM. If this is the case, it would also be significant 
at the present time to investigate the influence of stress 
at lower and higher work loads. The work loads selected 
for this purpose are those which will produce a steady 
state heart rate of approximately 138 beats/min. or 164 
beats/min. If the higher work loads should prove more 
reliable under the influence of stress, this could per- 
haps be a partial solution to the problem of the stress 


Pactorn. 


Limitations to the Study 


1. Humidity was not controlled. The temperature varied 


within a + 2 degree range of 72°F. 
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The experimental errors of the investigator will limit 
the study. 

The study is limited by the reliabilities of the methods 
employed and the limitations of the equipment utilized. 
The study is limited by the variability of reaction of 


the individual subject to the test-induced stress. 


Delimitations to the Study 


The study is delimited to 28 girls in second and third 
year Physical Education at the University of Alberta. 
Only the parameters in the problem and subsidiary 


problems are considered. 


Definition of Texms 


i. 


Maximal Oxygen Intake: The maximal oxygen intake is 


the rate of oxygen consumption attained when the 
cardiorespiratory system can make no further ad- 
justments to increasing work loads, i.e., oxygen 
intake levels off or declines even if the work load 
is increased. Mitchell, Sproule, and Chapman (51: 
538) state that "...when one subjects a normal 
individual to progressively increasing work loads, 
a linear relationship between work load and maximum 
oxygen intake is found. Ultimately, maximal oxygen 
intake per unit of time wasereached: beyond this 


point, the work load can usually be increased still 
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8 
further but, ordinarily, oxygen intake levels off 
or declines." 

2. Steady State: During a steady state, the oxygen in- 
take is equal to the oxygen expenditure. For the 
purpose of the predicted maximal oxygen intake, 
Astrand and Ryhming's criterion of two or more con- 
secutive pulse rate readings separated by one 
minute intervals that do not differ by more than 
+ 5 beats per minute was used to designate 
steady state. 

3. Maximal and Submaximal Work: Maximal work is the 
greatest amount of work that a subject is able to 
perform before exhaustion or fatigue causes 
termination. Any amount less than this is termed 
submaximal. 

4. Kilopond Meter (KPM): One kilopond meter is the 
force acting on the mass of one kilogram (Kg) at 
the normal acceleration of gravity. 

5. WorksLoad:wuThis@isi thetcalibratedyforcesoki. ayfric-— 
tion belt which must be overcome by a subject while 
cycling at a prescribed rate. The work done is a 
product of the cycling rate, the distance cycled as 
determined by the wheel circumference, and the belt 
resistance. 


6. Intra-Individual Variance: This is the variance at- 
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tributable to biological variation in the functional 
Status Of tne individual 
7. <Inter-Individual Variance: This is the variance at- 
tributable to true differences between individuals. 
8. Maximal Test: A maximal test surpasses the aerobic 
energy stores of the metabolic system of the body, 
and causes performance to continue only by anaero- 
bic metabolism, which is an indication of maximal 
oxygen consumption. 
9. Submaximal Test: A submaximal test does not surpass 
the aerobic limits of the body nor purposely elicit 
a heart rate exceeding 180 beats per minute. 
PUR olLess: " Stress,» according to Bourne (21:95), 1s de-= 


Eyned race era speci tc isomatic res ponsento 

damage or threat of damage by a wide variety of 
environmental agents, including events having a 
psychological rather than physical impact." 

Selye) (59: 47)-*goes "on “tomsay@thate tes C21. tiie 
state which manifests itself by the G.A.S. 

(general adaptation syndrome). The latter comprises: 
adrenal stimulation, shrinkage of lymphatic organs, 
gastrointestinal ulcers, loss of body weight, al- 
terations in the chemical composition of the body, 


and so forth. All these changes form a syndrome, a 


set of manifestations which appear together." 
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CHAPTE RV. 
REVIEW OF THE LITERATURE 


Primarily, this review will be concerned with the 
use of predictive tests of maximal oxygen intake as esti- 
mators of physical work capacity, and an examination of 
the various principles and criteria that pertain to the 
use of submaximal tests. Specifically, the Astrand-Ryhming 
nomogram as a valid predictor, and the influence of stress 
and emotion on the prediction of maximum oxygen intake 


will be investigated. 


The Prediction of Maximal Oxygen Intake from Submaximal 


Work: 


A number of reliable methods for direct measurement 
of maximal oxygen intake exist but are impractical for 
testing a large number of subjects in a reasonable length 
of time. The advantage of a simple work capacity test 
based on observation during submaximal work has long been 


recognized (39). 


A close linear relationship between pulse rate and 
oxygen consumption during controlled, stressful submaximal 


work is®reported to exist*(5,°31771537 65)" ~A» number “of 
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Envesiigatonset(Ay,»\8 15 928, 80799 3yn.6159 67 WR) have 
developed submaximal tests, based on this relationship, 
to predict a subject's maximal oxygen intake. By using 
extensive empirical analysis of actual relationships, 
under rigidly standardized conditions (10), close approxi- 


mations can be made of a subject's aerobic capacity. 


The Prediction of Maximal Oxygen Uptake from the Astrand- 
Ryhming Nomogram: 


Astrand and Ryhming constructed a nomogram in 
1954, which has been widely used, from which maximal 
oxygen intake can be predicted from a steady state pulse 
Pacer ated Knowl wOLkm load (12). "AStrand (8) round tat 
when subjects underwent muscular activity of such severi- 
ty that the demand for oxygen intake was 50 per cent of 
the individual's maximal oxygen intake, the heart rate 
after about 6 minutes' work for a group of healthy males 
averaged 128 beats/min. For female subjects the corres- 
ponding heart rate was 138 beats/min. When the subjects 
worked with a heavier load, thus demanding an oxygen intake 
G@f970 per cent of their aerobic capacity, the average heart 
rate was 154 for males and 164 for females. The standard 


deviation was 8-9 beats per minute. 


Based on these values, the nomogram was constructed 


for the prediction of maximal oxygen intake of healthy 
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2 
individuals between the ages of 18 and 30. With infor- 
mation about the heart rate and oxygen intake during a 
submaximal work, the subject's aerobic capacity can be 
estimated. The best results were obtained when the test 
work was of such a severity that the heart rate during 
steady state attained a level somewhere between 125 and 


170 beats per minute. 


Astrand (5) has more recently outlined three pre- 


requisites for the use of the predictive procedure: 


1. That the pulse rate during submaximal work increases 
approximately rectilinearly with the oxygen intake. 

2. That submaximal pulse beats not lower than 125 beats 
per minute are used for the prediction. 

3. That the pulse rate of the subject can reach a 
maximal value of about 195 beats per minute (S.D. +10) 


when cycling or walking. 


Standard adjustments have been made for age (5), 
Sexm(9) 7 appabatus used {fOr exercise=(12), and asdinterence 


in mechanical efficiency at low work loads (5). 


The Accuracy of Prediction from the Nomogram 


Astrand and Ryhming (12) established the validity 
of their nomogram by comparing the calculated and esti- 


mated values of oxygen uptake of the subjects studied 
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di 
(i.e., 27 male and 31 female well-trained subjects, 20-30 
years of age). The submaximal test was a cycle test (900 
KGM per minute for women, and 1200 for men). A statisti- 
cal analysis of the values gave a mean difference of 
veo Ur Cove (remaies 0-010" + 702051) "tres of oxygen 
per minute between the determined and the calculated 
Maximal oxygen intake. For two-thirds of the cases, the 
standard deviation was less than 6.7 per cent for men and 
9.4 per cent for women. With a lower rate of work, 600 
and 900 KGM per minute for women and men respectively, the 


standard deviations were higher, 14.4 and 10.4 per cent. 


A further test of validity was established using 
18 well-trained’ male subjects, 18-19 years of age. The 
submaximal values were based on step and treadmill tests. 
The mean difference was 0.006 + 0.066 litres per minute 
using the treadmill test for prediction. The standard 


deviation was less than 7 per cent in each case. 


For 31 female and 28 male subjects 20 to 30 years 
of age, the maximal oxygen uptake was calculated when 
doing a cycle test (600 and 900 KGM per minute) and a 
step test. These two values for maximal oxygen uptake 
were compared, and the mean difference was 0.003 + 0.052 
itres per? minute for women audsOnezows  0L0D7=rOLr men, 
The standard deviations were 9.5 and 7.3 per cent respec- 


tively. 
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In 1960, Astrand (5) reported a standard deviation 
from the actual measurement of about + 10 per cent for 
well-trained individuals and + 15 per cent for a normal 
population. The accuracy was somewhat higher when using 
relatively higher work loads. For 66 males, aged 50 to 
59 years, the standard deviation was + 10 per cent with 
a correlation coefficient of 0.709 and P< 0.001 when the 
age factor was used. In 1965, Astrand (11) introduced a 


eCerrece10nmiaccor for subjects, 15, years Gf age. 


Heitininge ulekieal 26(3 9) fereporntedga Significant dif- 
ference between predicted and actual maximal oxygen 
consumption (2.26 and 2.38 litres per minute) in an 
experiment using 28 policemen 20 to 30 years of age. 

This difference was significant at the 5 per cent level 
of confidence. It was suggested that this difference was 
possibly due to the fact that the Swedish subjects that 
Astrand and Ryhming used were well-trained compared to 
the relatively untrained policemen, and that possibly the 
measured maximal oxygen uptakes were not attained by the 


subjects in this study. 


To check the reliability of the measured values, 
nine policemen between the ages of 23 and 48 years were 
tested (55). The same procedure was used, with the 
exception that blood eee levels were used as the 


criterion indicating maximal uptake. Results indicated 
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5 
a difference of only 4.8 per cent, with a mean predicted 
value of 2.65 litres per minute as opposed to a mean 


measured value of 2.54 litres per minute. 


In another group of nine physically well-trained 
men, ages 56 to 68 years, Astrand et al. (7) reported a 
mean predicted value of 2.27 litres per minute as compared 
to the mean measured value of 2.24, a difference of only 
BupSirecent wearin ~yyoungern group, ofeuntmained men, 23eto 
48 years of age, the difference was only about 1 per cent. 
The respective values for predicted and measured intakes 


Were 92./2 dnd 2./6 litres per minute (55). 


Borg and Dahlstrom (20) investigated the reliability 
and vaiidity of the nomogram using a bicycle ergometer 
test with successively increased work levels, for 78, 20 
year old men undergoing military training. The highest 
intra-test correlations were found between the pulse rates 
from the fourth to the sixth minute at a work load of 900 
RPMApe minute .jeOnythe «first, testythis melaability coef= 
baci ents value was 10.9 7,.cand Onethe wetest,..0208.4 oihe 
correlation coefficient values for 600 KPM per minute were 
01.90. .andi 0.94 respectively... The correlations at the 


second and fourth minute were somewhat lower. 


The test, retest correlations averaged between 0.50 


and 0.60 for 600 KPM level and between 0.60 and 0.70 for 
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16 
the 900 KPM level. These low correlations may be explained 
by the fact that the two tests were conducted eight months 


apart 


The validity of the nomogram was measured against 
the results of a 20 mile timed ski race, using 42 subjects 
and conducted between the two experimental tests. The 
highest correlations (0.38 and 0.45) were obtained between 
the second work capacity test and the skiing race. The 
correlation between the Astrand values within the tests 


were 0.83 and 0.79. 


bnelo64) dew Vries andeKklars (30)5 using 16 physical 
education major students 20 to 26 years of age, determined 
correlations and predictive errors involved in predicting 
maximal oxygen consumption from six submaximal tests of 
working capacity. The Astrand-Ryhming nomogram had corre- 
faci onsroL.0 .7368withtat standardeerrort off 190%395) latres 
per minute when compared to the maximal test. When bcedy 
Wetgni wast divided out, the correlation coefficient dropped 
to 0.522. Of the six tests, the highest predictive values 
were obtained from the Astrand-Ryhming nomogram and the 


Sjostrand work capacity test. 


Wyndham, et al. (74) questionned the validity of 
the nomogram. They found that it underestimated the maxi- 


Mal oxygen intake by 0.32 + 0.14 litres per minute. They 


named beatadd: slew (ah, 5 ban #68) enotewtensen ¢ 
ar ches pndbdéd oft tns seem qiigagie dow 
<jead dad nid @ouley huswink.edd adeuted npitaleies 
12, 0 Sue 08.0 eal 


ae Se lee 
[po foyne 31 gaben »' CDE} ‘dhe oe enaay, 2 bar? ea 


bag Javet28 .2ph" te aso ‘E> So OS eunabos: ‘soto wotseoubs' | 
prbiy thetd.o2 hywlownt e1ptes ownksehisotey Gur atadatenies 
Yo e1s03 Lerxinnsge abe mot dedliqniendel riepye madieeel 
29100 San serocton pe A-AMisded od! seth cee 
agi4il Ot.0 4 40 votasifrentinedte, «foie BET 0° dn aeeeRe 
yhos a8dW toy deminew iid OY Romegmne- amie oxeetemibg 
banqenh tamkod Dee la ad ial edt aug bebty/s aa aoe 
asgiav arise thang guudo To jaheos “is ats 20 Fair ge 
Os brie meigodion pet cane pam rit mered.” bonnie aie 
gaia invveane S208 eran 


os 


‘na _elodow wii Sebictvcond AN ge ab cemceiayn he 
task NY SesunEdergbeie aKa nO yastt nersgomiie 9S 
ae ae 


hs. - | io or —— 


= 


Li 
stated that this was due to the fact that the pulse rate- 
oxygen consumption curve deviated towards oxygen consump- 


tion at higher pulse rates. 


Astrandy) (5); vhowever ,(states=that/ it ist@notéthe 
premise of the nomogram to assume that the heart rate is 
asiineargsunctionlof ‘oxygen intake, throughout! thelentire 
range of values. It was not analyzed whether or not the 
heart rate increased with the oxygen intake at the upper 
level. Astrand also pointed out that his study was con- 
ducvede at», JU0Nseet above Sea tevel and theseitect of 
prolonged hypoxia might cause discrepancies between 


actual and predicted values. 


Rowell ,)| Taylor and Wang (57) further suggest that, 
contrary to their conclusions, the nomogram should over- 
estimate the true maximal oxygen intake since they show in 
their graphs pulse rates at 50 per cent of maximal oxygen 


consumption as being less than 128 beats per minute. 


Rowell, etaylorvand Wang) (57 )ealso studvedy the (pre- 
dictability of maximal oxygen intake in normal male 
subjects 18 to 24 years of age. This study specifically 
analyzed the influence of physical training on predicta- 
bility. The predicted test underestimated the value by 


27 + 7 per cent before training and by ll + 7 per cent 
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agterptraining.¢:Forva groupso£ ten endurancesathletes, 


ine underestimation wast5<6siv4deperscents 


Baycroft (16) tested 48 physically active males to 
evaluate the ability of the Astrand-Ryhming nomogram to 
predict maximal oxygen consumption. The nomogram corre- 
Patedssigniri cantlyn(re=o.675epl=te0 l)awith) theyMitchedl 
Ctyal. test, sas well as correlating -.62 with the Astrand 


Bicycle test. 


Glassford (36) used an experimental group of 24 
healthy, physically active male subjects to compare values 
on four maximal oxygen consumption tests. The values in 
litres per minute obtained on the Astrand-Ryhming pre- 
dicted test correlated 0.80 with the Johnson, Brouha, and 
Darilingsatestnofephysical fatness; Ok@SlwithethetMitchedl, 
Sproule and Chapman test, 0.72 with the Taylor, Buskirk, 
and Henschel test, and 0.65 with the Astrand actual test. 
The relationship between the nomogram values and any one 
set of direct technique values was as good as the relation- 
ship between the values of any two direct measures examined 


in the study. 


Hyde (42) investigated the validity of the nomogram 
for 29 males and 27 females of secondary school age. He 
reported predicted values equivalent to those obtained on 


the Astrand actual test for females of secondary school 
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1) 
age, but less accuracy for males of the same age (p = .01). 
The underestimation of the maximal oxygen intake when 
expressed as a percentage was approximately 10.per cent for 
male subjects and 5.5 per cent for female subjects when 


the’ correction factor for age was used? 


The Influence of Stress on Predicted Maximal Oxygen Uptake 


Taylor etal. (65) gave an excellent review of 
factors influencing the administration and results of 
maximal and submaximal tests. As supported by a number of 
ateiers (54), 365 65/),. factors which duftiuence predicted 
oxygen uptake include temperature, meals, time of day, 
fatigue, mechanical efficiency of work, and stress and 
emotion. These factors generally tend to displace the 
pulse rate and work rate curve to the left resulting in 


an underestimation of work capacity. 


As mentioned previously, experimenters who employ 
submaximal work tests appear to make an unstated assump- 
tion that the stress of work overrides any effect of 
emotion on the behavior of the work pulse rate. Brouha 
and Heath (22), from studies of subjects prior to per- 
formance on the Harvard Fitness Test, support this postu- 
lation. Bengtsson (18) similarly suggests that mental 
factors governing emotion would play a rather insignifi- 


cant role in continuous heavy work. 
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Master and Oppenheimer (50) and Sjostrand (61) 

question whether mental factors would have any significant 
effect on submaximal work. Astrand etal. (6) suggest, 

on the basis of their investigations, that apprehension 

may have a marked influence on the heart rate and respira- 
EOry slaccsOLeassubject during west, out during exercise, 
the psychic influence on heart rate and respiration is more 


or less abolished. 


Direct evidence on the influence of emotion and 
Stress on submaximal pulse rates is generally lacking in 
PReeluteralLure, however, ithe artichesby Taylonict ale (65) 
has thrown more light on this guestion. They have 
reported that the initial contact with a work test can 
result in significant increases in submaximal work pulse 
rates. This was based on a study of 7 athletes and 6 non- 
athletes performing a preliminary warm-up by walking on 
the treadmill at a 10 per cent grade for 15 minutes. The 


deviations were more marked in the case of the athletes. 


Rowell, Taylor and Wang (57), employing predictions 
from the nomogram, have stated that the differences between 
the first and second predicted values for maximal oxygen 
intake for 20 trained and untrained subjects were signifi- 
cant at the level of P = On G26 They also suggested that, 
very frequently, peretcularly in physically trained sub- 


jects, repeated determinations of submaximal pulse rates 
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are necessary before the rates stabilize and become repro- 


ducible at a given work intensity. 


Zahar (75) used 38 male high school students to 
investigate the influence of repeated administration of 
the Sjostrand test. He has stated that a feeling of ap- 
prehension decreased the value of the first test of work 


capacity. 


In 1966, Shephard (60) studied the relative merits 
of the step test, bicycle ergometer, and treadmill in the 
assessment of cardio-respiratory fitness for 10 sedentary 
males. He found that frequency of experimentation led 
to some decrease in the pulse rate at a given submaximal 
oxygen consumption equivalent to a 1.6 per cent increase 
of predicted aerobic work capacity from session 2 to 
session 4, and an 8 per cent increase from session 3 to 
24. Since there was no gain in the directly measured 
maximal oxygen uptake from session 7 to 25, he has stated 
that these differences may reflect habituation more than 


true training. 


Day (29) studied the reliability of the Ryhming 
Step Test for the prediction of aerobic capacity using 
58 male subjects who were tested twice with a one week 
interval between tests. He reported a significant im- 


provement in performance in the second test which he sug- 
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gested was due to familiarization with the test. Hyde 


(42) has reported similar results. 


Macnab and Conger (49) tested 80 university women 
on three occasions using the nomogram for prediction. 
They found that improvement occurred with each administra- 
tion of the test for athletes and non-athletes. The 
Successive predicted.means were 2.21, 2.33 and 2.41 litres 
respectively. They have also suggested that the probable 
effect of anxiety is reflected by the heart rates prior 
to, during, and at the end of exercise, and that emotional 


stress may not be overridden by exercise stress. 


Tay Loree ls ail. (65) have reported definite deviations 
from normal pulse rates for one subject during a low sub- 
maximal walk on the treadmill (3.5 miles per hour on a 
10 per cent grade for 6, 10 minute periods) due to the 
sudden shock of falling. The work pulse rate rose from 
130 beats per minute to almost 160 beats per minute, and 
his pulse rate did not become lower on successive trials 


until the fifth repetition. 


Rowell, Taylor and Wang (57) also investigated the 
effects of the stress of indwelling peripheral and central 
vascular catheters on 7 subjects, before and after train- 


ing. Before training, there were no significant differences. 


However, following training, there was a 6 per cent greater 
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(P = 0.001) underestimation with prediction from the nomo- 
gram under the added stress of catheterization. The 
observed maximal value was unchanged. Similar effects 


were reported with six endurance athletes. 


taylor ect al. (65) and Baycrott (16) have pointed 
out that, in many cases, the data reported on the in- 
fluence of stress and emotion on the prediction of maximal 
oxygen intake has been a result of intermittent work. 
They, and a number of other investigators (38, 42, 75), 
have suggested that much more study is required before 


any conclusions can be made. 


CHAPTER) DIT 
METHODS AND PROCEDURES 


Twenty-eight healthy female subjects were used in 
this study with the tctal being comprised of volunteer 
students in second and third year Physical Education at 
the University of Alberta, Edmonton. The ages of the 


subjects ranged from 18 to 25 with a mean age of 20. 


The tests were conducted over a period of three 
to four weeks for each subject with a minimum of two and 
a maximum of five days between separate tests. The ex- 
periment began March 3, 1971, and was completed March 31, 
Aue yal he data was collected Monday through Thursday 


inclusive of each week. 
Physical Conditions of the Testing Situation 


As mentioned in the previous chapter, temperature 
may affect maximal oxygen intake (25, 34, 57, 71) and 
Heanewcace (93, 61). In this» study, =the Taboratory 
temperature was standardized at 72 + 2 degrees F., but 


the relative humidity was not controlled. 
Standardization of the Test Situation 


Because the ingestion of food has a known effect 
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25 
on pulse rate and cardiac output (48, 64), no test was 
scheduled for a period of one and a half hours following 
a meal. Subjects were requested not to smoke for an hour 
prior’toytheetest? and not) to’performianysstrenuoustacti— 
VatiLes*forvone and a half hours before their test. ‘In 
all instances, the test schedules for each individual 
were arranged so that the subject was tested at the same 


relative time of the day. 
Orientation Period 


Every subject was brought to the laboratory five 
days prior to the commencement of the actual test for the 
purpose of orientation. At this time, height, age, 
weight, and smoking habits were recorded. The testing 
procedure was carefully explained and each subject was 
given the opportunity to practice the test on the bicycle 
ergometer. Subjects were told that the experiment was 
designed to test the reliability of the Astrand-Ryhming 
Nomogram, but were given no indication that there would be 
a test-induced stress involved. Each subject was then 


assigned her testing schedule. 
Predicted Test Apparatus 


The following apparatus was used for the Astrand 


sub-maximal test: 
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(1) a Monark Bicycle Ergometer; (2) a metronome (mechani- 
Cal iets) Matstoptwatch calibratedito 1/10 fa second; 
(4) a Sanborn 100 Viso-Electrocardiograph; (5) a Continen- 
tal Scale (Model #400 DFK); and (6) a starting pistol 


(R.G. 7 ROHM). 


The Astrand-Ryhming Predicted Maximal Oxygen Intake Test 


The test was conducted on a Monark Bicycle Ergo- 
meter, designed by von Dobeln (66), which works on the 
principle of a weighing device called the sinus balance. 
The testing procedure closely followed the description 


‘given by Astrand ({11). 


The height of the saddle was adjusted so that when 
the subject had the front part of the sole of her foot 
level on the pedal, a slight bend of the knee joint re- 
sulted in the extended leg (i.e., the front part of the 
knee was straight above the tip of the toes). The handle- 
bars were adjusted to the subject's liking. A pre- 


exercise heart rate was then recorded. 


The metronome was set at 100 beats per minute so 
that the subject would pedal at 50 revolutions per minute. 


The sinus balance was carefully zeroed before the commence- 


ment of the test. 


When the work was started, the brake belt was 
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Slack and was quickly adjusted to the desired work level 
by stretching the belt with the aid of the handwheel de- 
Signed for this purpose. This adjustment could be made 
in a few seconds, but as the wheel and belt warmed up, the 
friction sometimes changed, necessitating the occasional 
readjustment. A check of the load was made at least once 


a Minute. 


For all subjects in this study, the work level was 
initially set at 600 KPM. Heart rate recordings were made 
onwas Sanborn: electrocardiagram during the last: fifteen 
seconds of every minute. The subject pedalled at this work 
level for 6 minutes until a steady state was attained (two 
consecutive heart rate recordings separated by one minute 
which differ no more than +5 beats). If, after six 
minutes, this steady state was not in the range of 125 to 
170 beats per minute, the work load was increased to 900 
KPM and the subject continued to ride for 3 minutes until 
a steady pulse rate was reached. The steady state pulse 
rate value was then applied to the Astrand-Ryhming nomogram 
(I2\ein selation to the work load and 4 maximal oxygen up= 


take value was estimated. 


The subjects were randomly placed into two groups 
after their initial test. Group I was the low work load 


group and Group II was the higher work doadsoqroup. Tor 
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the subjects in Group I, based on their steady state heart 
Mate presponsesto the initial test at 600°KPM, a work load 
was estimated which would produce a steady state heart 
rate of approximately 138 beats/min. For Group II, a work 
load was estimated so that a steady state of approximately 
164 beats/min. was produced. A full description of this 
estimation procedure is listed in the appendix. This same 


WOrkK) 1O0ad)was used for trials 1 through 4. 


These two criteria levels for low and high work 
loads were selected on the basis of the results of Astrand 
and Ryhming (12). They reported that, after 6 minutes of 
exercise, the average heart rate for 16 healthy female 
subjects was 138 beats/min., when exercising at 50% of 
their maximal oxygen intake. At heavier work loads, demand- 
MgO seOimetneliawcerobicecapacity, the average heart rate 


was 164 beats/min. 


Test number one was the control trial. The second 
test was the test-induced stress trial, and tests three 
and four were used to investigate any possible carry-over 


effect mrometne stress in test number two. 


Method of Inducing Stress 


The test-induced stress was administered during the 


first five seconds of the second testing session. The 
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starting pistol was fired once into the air directly 
behind the subject's head (within 6 to 8 inches). She 
received tno warning prior to the firing®that sucha 
stress would be administered. The pistol shot was not 
used in tests numbers three and four. However, subjects 
received no indication previous to these tests as to 


Whether Ormot the pistol would be) fired. 
Pulse Rate Recordings 


Heart rate recordings were made by means of a 
Sanborn portable electrocardiagram, the leads of which 
were attached to two chest and two upper back electrodes. 
Careful attention was given to preparation of the elect- 


rodes with Redux (tradename) electrode paste. 
Calibration of Instruments 


The sinus balance was calibrated by means of a 
set of stainless steel weights, #750 class S-1 Serial 
No. 7Y1458 in the following manner (11): 

a) The brake drum was removed and the mark on the 
pendulum weight was set at "0." 

b) A one kilogram weight was attached to the spring. 
Weights were added or taken from the spring as re- 
quired to bring the mark on the pendulum to the 
required scale mark of “1-KP.” 


c) The process was continued) through "2-KP," "3-KP" 
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and so on up to "7-KP," 
d) If adjustment was required it was made by means of an 
adjusting screw which altered the centre of gravity 


of the sinus balance. 


The bob on the pendulum was then changed from 
Stainless steel weighing 817 grams to aluminum weighing 
168 grams. The procedure described above was repeated 
for the lighter pendulum so that lighter work loads and 


finer work load gradations could be produced. 


Statistical Treatment 


Pearson Product—Moment correlation coefficients 
between the mean steady state heart rates over the four 
trials were determined for all 28 subjects and for both groups 
by means of an IBM-1620 Electronic computer program (DEST 
02), at the University of Alberta Computer Center, which 
also provided a mean and standard deviation for each 
variable. This program was also used to compute means 
and standard deviations for the mean pre-exercise heart 
Tates over the four trials for all /28 ssubjects, and) for 


both groups. 


The significance of the difference between means 


obtained on the four trials of predicted maximal oxygen 
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uptake for Group I (low work load) and Group [fl (hag work 
load) was tested with a two way analysis of variance tech- 
nique repeated on fourmMittilale (72-302). A one way analysis 
of variance repeated on four trials (72:105) was used to 
determine any differences between the treatment means for 


Group as and Group II. 
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CHAPTER, 1V 


RESULTS AND DISCUSSION 


Results 


Means, Standard Deviations and Range Values for 
Age, Height and Weight 


Table I gives the means, standard deviations and 
range values for the 28 subjects used in the study. 
Table II gives these values for the 14 subjects in Group 


I and the 14 subjects in Group II. 


TABLE I 


MEANS, STANDARD DEVIATIONS AND RANGE VALUES 
FOR AGE, HEIGHT AND WEIGHT FOR ALL 28 SUBJECTS 


Standard 
Parameter Mean Deieten on Range 
Age (Years) 20nd dye wh 18-25 
Height (inches) Ga". 55 2.86 60-69 
Weight (pounds) 133.57 18.61 105-178 
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TAB DE ae. 


MEANS, STANDARD DEVIATIONS AND RANGE VALUES 
FOR AGE, HEIGHT AND WEIGHT FOR SUBJECTS IN GROUP 
I AND SUBJECTS IN GROUP II 


Standard 


Parameter Mean Dovianlon Range 
Group I (N=14) 
Age (years) 20m29 ible hs: 19-24 
Height (inches) 63.68 2°51 605-69 
Weight (pounds) 129.64 20785 LO7=17.8 
Group II (N=14) 
Age PA ees) 7) 1.64 18-25 
Height G57.356 BE LU 60-69 
Weight L370 16.36 105-173 


Means for Steady State Heart Rates and Predicted Maximal 
Oxygen Uptake Values for Subjects During the Initial 
Trial wat s600R KEM) 


Table III gives the means for the steady state 
heart rates and predicted maximal oxygen uptake values 
for the initial trial at 600 KPM. “it also gives these 
Magnes for the subjects/in Groupe! andgaorgche subjeccs 
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TABIE al gat 
MEANS FOR STEADY STATE HEART RATES AND PREDICTED MAXI- 
MAL OXYGEN UPTAKE VALUES FOR SUBJECTS DURING THE INITIAL 
TRIAL (at 600 KPM) 


Stauistic All Subjects Group I Group II 
(N=28) (N=14) (N=14) 

Mean Steady State 150.79 os. LS 1507.39 
Heart Rate (beats/ 
min) 
Mean Predicted 2.49 2.46 PAM SHE 
Max. 09 Uptake 
(litres/min) 


Means, Variances and Standard Deviations for Steady 
State Heart Rates for the Four Trials 
Table IV gives the means, variances and standard 
deviations for all 28 subjects of the steady state heart 
rates used for the prediction of maximal oxygen intake for 
each of the four trials. Table V gives these same values 
foreal subjects in*Group I “and’all subjects in Group I1. 
TABLE IV 
MEANS, VARIANCES AND STANDARD DEVIATIONS FOR STEADY STATE 


HEART RATES FOR THE FOUR TRIALS FOR ALL 28 SUBJECTS EX- 
PRESSED IN BEATS/MIN. 


Statistic et el die oh | Mie mits 2s Trial 4 


(Stress) 
Mean 149.73 Sales Ou 1A 9 145.38 
Variance 281.23 293.78 204.49 20 One9 
Standard Deviation 16.77 Leet 14.30 L Arta 
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TABLE V 


MEANS, VARIANCES AND STANDARD DEVIATIONS FOR STEADY STATE 
HEART RATES FOR THE FOUR TRIALS FOR GROUP I AND GROUP II 
EXPRESSED IN BEATS/MIN. 


Statistic Mra lal: 77.4 We? Tr tal3 Trial 4 
(Stress) 


—— 


Group I (N=14) 


Mean 34.14 136.86 ES oo 4 Les e0d 
Variance Si oyicy S)ie) 86.68 86.12 70.06 
Standard 

Deviation 7.66 Shep Bial 9.28 S237 


Group II (N=14) 


Mean 165232 V65e29 159.04 LE57269 
Variance 23281 bies09 56085 36.60 
Standard 

Deviation 4.88 10354 ea 4 G6F05 


——— 
LT 


From Table IV it was noted that there was a slight 
increase in the mean steady state heart rate for all 28 
Soy ectsriimcllale: (the Strecay trial anda thicnmased gut 
decrease in trials 3 and 4. Similar results were ob- 


served in Table V for Group I. 


For Group II it was noted that there was a general 
decrease in the mean steady-state heart rate over the four 
trials, the greatest decrease occurring in trials 3 and 4. 


These mean steady state heart rates are plotted in Figure 
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itesnould also be noted that trial 2 had the 
greatest variance of the four trials for the whole group 
(N=28) and for each group separately (N=14). This was 


BaLticularly marked for Group LY. 


Means of the Predicted Maximal Oxygen Intake Values 


FORsCHeCeEOURmLaataLls 


Table VI gives the means for the predicted values 
of maximal oxygen intake over the four trials for the 


WhoOwecugroup,and then fom Group el and tor Group LL. 


TABLE VI 


MEANS OF THE PREDICTED MAXIMAL OXYGEN INTAKE VALUES 
FORJTHE SFOUR TRIALS EXPRESSED) IN LITRES/MIN. 


os 


roup sivesle ky aL beet teul dione Vth. 5) Trovaie4 

All Subjects Zn G Px faye: ZOs LAE 
(N=28) 

Group I Pes) Zio, 2 loak 25114 
(N=14) 

Group II 2.40 2.49 PD XO1S) 2a09 
(N=14) 


Similarly, for the mean predicted values, for all 
28 subjects, it was noted that there was a slight decrease 
in predicted maximal oxygen intake in trial 2, and a 


general improvement in trials 3 and 4. Similar results 
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FIGURE? £ 


MEAN STEADY STATE HEART RATES VS. TRIAL NO. 
(ALL SUBJECTS N=28; GROUP I N=14; GROUP II N=14) 
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were observed for Group I. For Group II, there was a 
general improvement over the four trials, the greatest 


SCCurlingal NetrialsS 3 andad:. 
Analysis of Variance of Steady State Heart Rates 


invorder to test for significant ditfterence 
between the means for both groups together over the four 
trials, a two way analysis of variance repeated on four 
trials (72:302) was used. A summary of the results of 


the variance analysis appears in Table VII. 


HHemmeansefOL DOCH Groups; OVC Ite .CULsLELata, 
expressed in beats per minute were shown to be statisti- 
Gally ditrerent ac the” .0l"level of Signtiicance?y using 
the F ratio test. This result held true for the 'A' main 
effects (i.e., there was a significant difference between 
means for the two groups which would be expected due to 
the experimental design) and for the 'B' main effects 
(i.e., there was a significant difference between the means 


over the four trials)- 


Duemtoethis Significantedifierence between means 
over the four trials, it was thus necessary to determine 
specifically wherein this significance lay. For this 
purpose, a one way analysis of variance repeated on four 
trials (72:105) was used first for Group I and then for 


Group II. A summary of the results of the variance ana- 
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ivetsahor eachigroup appears in Table VIII. 


HacecesultS indicatedwenraceror Groupe eae low 
work load), there was no significant difference (p = 
-O01) between the mean steady state heart rates over the 
FOUL SLT als sekoOn Group El) (a4.e., high) work Woad)") how— 
eve, sausigniticant difference (op = 01) between) the 
four means did exist. It appears that this difference 
LS snot between trials 1 (control trial) and 2) (stress 
trial). The mean steady state heart rates for these 
Pil atseewere #16532 )beatsuper minuvesand 165.29) beats 
per minute, respectively. It appears that this difference 
exists, however, between the following trials: 1 and 3 
ere LOO so cameo. U4) lgrancdaamm (1 Se, LOD. se. ang 
io 4e 2 end 3 (tee, 7 6S 329 eand 59 .04)) and 2eandy 4 
Cites elooeeomandil> 7720) 

TABLED Vit 


TWO WAY ANALYSIS OF VARIANCE REPEATED ON FOUR TRIALS 
(FOR GROUPS I AND II COLLECTIVELY) OF STEADY STATE 
HEART RATES (beats per minute) 


Source of Variation Sumvor oGQuares di ~Mean square 
Between Subjects 25069 .00 oar. 
LAt. Main Effects 20304.38 bee] 030.4 nS Sele Olsen 


Subjects within 
groups 4765.00 26 LS Saeed, 
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TABLE VII, continued 


Source of Variation Sum of Squares df Mean Square F 
a ra ree 


Within Subjects 2220500 84 

"B' Main Effects 240.75 3 Ts80e25 epg oP at 
Poexeb interaction 20250 3 O70 ahs Paleo 
eee ex cub yects 2124.00 78 Zines 


Within Groups 


Je ocCatioticCally Signiatcantuateciem. 01 level. 


wiStatestically «significant. at ~the.~.05, level. 


TABLEIV ELT 


ONE WAY ANALYSIS OF VARIANCE REPEATED ON FOUR TRIALS 
(FOR GROUPS I AND II SEPARATELY) OF STEADY STATE -HEART 


RATES (beats per minute) 
GROUP TF: 


Source of Variation Sum of Squares df Mean Square F 


Between People 2668.88 A ie 205.298 
Within Peopie JES sy cise) 42 32.46 
Treatments UD As) 5 38.08 apes) 
Residual 2:49.25 oo 82). 05 

Toca. 4032.38 os 

GROUP II: 


Source of Variation Sum of Squares df Mean Square F 
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TABLE Vitis continued 


Source of Variation Sum of Squares df Mean Square F 
ee ee | ee ee et eee 


Within People 1562.00 42 Sits ak) 
Treatments 688.00 =) DAES Sie) SMO) PASS 
Residual 874.00 v9) 22041: 

Weraeull 365.3 500 5)> 


a SSS 
a 


co otacteti call vasicniem cantwaterne 01 slevelmor 
significance. 


Inter-trial Correlation Coefficients for Steady State 


Heart Rates 


The correlation coefficients reported were ob- 
tained using the IBM computer program for Pearson Product- 
Moment correlations. Table IX summarizes the correlation 
coefficients for steady state heart rates obtained over 
thegrourstrials for all «the ssubjects, Table xX=rorm Group 


ieeeand “lables xX lerOornsGroup .iie 


TABLE IX 


PEARSON PRODUCT-MOMENT CORRELATION COEFFICIENTS FOR 
STEADY STATE HEART RATES BETWEEN THE FOUR TRIALS FOR 
ALL 28 SUBJECTS 


Trial Number 


Trial Number 2 3 4 
1 Ohne eas ORG Saas OF 905% 
2 Oni dese Ome oa 
3 Ono 2ae 


On enema’ 
SS SS LTS a ae ncaa cme meaae 


ie 
+ « 


ered.or Co.ees  f 


2 ae. * ire 


a4 2 


PP a — ee eee 


ica tovel Iv, atl} 6 suas tdanisnneaee® jane 
-Soneo lt taper = 


ca 


ae 


, a . a “jal nga - 
ant Rie agbet ES eo) odd asitoiaseeo mek g Lote)» sane ‘es 
tL 

. | | vaoda sachet 


; | aed oe 
ves bets pedsaqsy aanshasaagod nOtss LoraK ae “ oe 
-jJsubors: hi yennett od ishele: fatpgped, Mair ont niet 
nore Lerrr90 ait sexivanime «Kt algal vadalselosdée ; 
IBvo Bvarth-ecreteo asnes ttsetl sands ¥YeRote a3 ata ' paid 
4beotD, 193 % aide” ,4sgatdem oad) Me toh ais ina aa 
«kei. ine 70% igs mer 


spine 


0M ATUL EPTAOD “ols 
tor aay #00% weir 


42 


**¥Stabisticallyvsignaficanteatethe..0l«leyel 


Of the correlation coefticients reported for all 
28 subjects, all were found to be statistically significant 
at the* (01 level.” The"highest corretation™(0 .92)Gwas 
observed between trials 3 and 4, and the lowest correlation 


(0.88) was observed between trials 2 and 3. 


TABLE X 


PEARSON PRODUCT-MOMENT CORRELATION COEFFICIENTS FOR 
STEADY STATE HEART RATES BETWEEN THE FOUR TRIALS FOR 
GROUP I (N=14) 


Trial Number 


Trial Number 2 S 4 
i. 0.39 O% 5a OF 50 
2 0.47 O61 


3 OPiS <a 


**Statistically significant at the .01 level 


*Statistically signiticant at) the s.05 level. 


TABLE XI 


PEARSON PRODUCT-—MOMENT CORRELATION COEFFICIENTS FOR 
STEADY STATE HEART RATES BETWEEN THE FOUR TRIALS FOR 
GROUP II (N=14) 


Trial Number 


Trial Number 2 3 4 
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a ctatcistically siqnmeicanteat the, .0l level: 
‘Statistically signigzicant atethe:.0 5 levels 


Of the correlation coefficients reported for Group 
I only the correlations between trials 4 and 2 (0.61, 
which*was significant at the .05 level), and trials 4 and 
3, (0737, which was Significant at the .01 level) were 


TOURA SLO (be Statistically signiricant. 


Ora the corre lati onsmereporced stor Groupeiinal. 
were found significant except those between trials 4 and 
Ces 2 )erand) trials 4 vande2 q(057) ee trialm2ecorrelated 
Oda (pe= UL) withstrial (ly trial Becorrelaledsi:. 61.k(p: = 
TOS) ew LO eee ete era es ecormre lated .70 (p=. .0.))awith 
Biabciese es and tCrival4 correlated’ 0.538) (pi=.05) withetrial 


aie 


Means, Variances and Standard Deviations for Pre-Exercise 


Heart Rates 


Pre-exercise heart rates were recorded for each 
subject approximately one minute prior to the start of 
each trial. Table XII gives the means, variances and 
Standard devaations £or alimezeecub jects eon the pre-exer— 
cise heart rates recorded for each of the four trials. 
Table XIII gives these same values for the 14 subjects 


in Group I and for the 14 subjects in Group II. 
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TABLE XII 


MEANS, VARIANCES AND STANDARD DEVIATIONS FOR PRE-EXERCISE 
HeARD RATES FOR THE FOUR TRIALS FOR ALL 28 SUBJECTS (beats/ 


min) 
Statistic Tria Akeeenfsigh 2 re Lae dip ax lars ys amt! 
Mean 76.64 1950 eam 22 Oe ee 
Variance 361.76 235.59 NE a 176.98 
Standard ¥9'..02 yes 64S) LOn29 Lee 2 


Deviation 


TABLE XIII 


MEANS, VARIANCES AND STANDARD DEVIATIONS FOR PRE-EXERCISE 
HEART RATES FOR THE FOUR TRIALS FOR GROUP I (N=14) AND 
GROUP II (N=14) (beats/min) 
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45 
Teywasenoted, from oTablesxttethnat there wasia slight 
increase in mean pre-exercise heart rate in trial 2 anda 


marked decrease in trials 3 and 4 for all 28 subjects. 


The results in Table XIII indicated a slight in- 
crease for these values for trials 1 to 3 in the case of 
Group I, with a marked decrease for trial 4. For Group 
Ii, there was an increase in the mean pre-exercise heart 
tate crom trial 1 to 2, but a very marked decrease in 
trials 3 and 4. Mean pre-exercise heart-rates for the 


fourm trials are plotted in Figure El... 


Theppesults in Tables’ Xiq and XLIL lalso indicated 


the greatest variance occurred in trial l. 


Mean Pre-Exercise and During Exercise Heart Rates of 


Group et and Ii for the Foursiridus 


Table XIV gives the mean pre-exercise heart rates 
and the mean heart rates at the end of each minute of 
exercise (minutes 1. to 6) for trials 1 to 4. ‘The mean 
Neartecraceseat .the.end of thegtirst 30.secondsior exer= 


GCisertor tivals 2 and 3“are also ancluded tor Doth) groups. 


These means heart rates for each trial are plotted 
ins Figure [Til. “It should be noted for Doth groups that 
the mean heart rates.at the end of 30 seconds and 1 minute 


for trial 2 (i.e., the stress trial) are slightly higher 
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FIGURE II 


MEAN PRE-EXERCISE HEART RATES VS. TRIAL NO. 
(ALL SUBJECTS N=28; GROUP I N=14; GROUP II N=14) 


90 
85 
80 
75 
GROUP II“ 
70 =< ALL SUBJECTS 
GROUP I 


1 2 3 4 


TRIAL NUMBER 


47 


SE7 8 SL 
Eas 
LS SOT 
Como. 


OO VEL 
OSes er 
00°8ET 
SEVeE 


fla sae 
Se G aE 
GOSS OT 
She ane 


OOS Cet 
ES Set 
Low ack 
To Be DB 


00 Cot 
cs Ss 
eos 09. 
GS 71 On 


BCs0GL 
OU ib eet 
ER TERS A 
Oe SME 


[oer te AE Ye Sra 
O05 tot 00° 8PT 
SOL aL SOmba LE 
GIe8St Vi eook 
Ge Xe CT 00°Sdr 
Lace. Sle cl 
V9. GEL eh Ses 
VL OGL Vom oC 
*uTU *uTU 
. G 


qe soqey QzeeH UeSHW 


(PT=N) Ir dnorz5 


(7T=N) 


odonN_N ™ “st 


T dnoz5 


ee eo ee ee 
OSTOISXY 
Spee 


ZOQUON TeTIaAL 


eee ee ee SE SS __..._ a en 


(f TetaL ut 


POeSe Gee coadio) 


Cee Gal: 

Herwig sacs 

SSMS ah (SS) SIA) 

LOPTAAS 

S8°6IT 

Le Te 

Tei: CCL ae ce 

£O-Ecn 

UE soos 

iL O€ 

(uTU/ Ss }eSq) 


te CNVeed 


SdNOND UOA SIVINL UNOA YOA ASTOUAXA ONTUNA ANV TUOIGE SALVA LYVAH NVdW 


AIX dTadvb 


‘DALOSL a. 

et Bv-@SF S¥.eSL. ceEEr eget 

feceee = Shoter © rst aCwaSE- Ve.isd “ESeQ0r ree = 
7 - ; E e a 


HQ.¢€s 


e@,fod* SBLEEL Cis EO. SPS Ke 
J0B-20i°..S0508r ée-Tee “20 TTel poet eel | eSlasE ea se¢ a yo 
Beaet tater oo-tz: oo.ehr volosl -ee.est otcar 
06,52 avaag ~ WESSEL 


48 


FIGURE III 
165 MEAN PRE-EXERCISE AND DURING EXERCISE HEART RATES — reel ame 
FOR GROUP I AND II OVER THE FOUR TRIALS Beno 
0 GROUP I N=14; GROUP II N= 
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49 
than those reported in the other three tetalsy* tins 
slight elevation for Group I disappears at the end of 
Coes rourtn Minute: Of exercise, while for Group II it 


disappears at the end of the second minute. 
Discussion 


The practicality of a submaximal test to predict 
maximal oxygen uptake has long been recognized and the 
validity of this type of test compared to tests which mea- 
sure maximal oxygen uptake directly has also been well 
established (16, 36). There are a number of conditions, 
however, which may influence the results of such an in- 
direct technique. The influence of environmental stress 
on the prediction of maximal oxygen uptake is a factor 
which has received little investigation. Originally, it 
was assumed that the influence of any such environmental 
psychological stress was more or less abolished during 
exercise (18, 22). However, this assumption has been 


recently questioned by a number of investigators (64, 75). 


The experiment was designed to investigate the 
influence of a test induced environmental stress on the 
reliability of the Astrand-Ryhming Nomogram technique for 
predicting maximal oxygen uptake. It also investigated 
any variation of results which might occur under the in- 


fluence of stress for subjects working at a lower work load, 
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50 
producing a steady state heart rate of approximately 138 
beats/min., and those working at a heavier work load, 
producing a steady state heart rate of approximately 164 


beats/min. 


The mean values obtained from the tests, executed 
in this study, generally agree with those reported in the 
literature for the age group and sex concerned. Astrand 
(Sy peneported@dsvaluc: Of 27928170. 2/el1 tresmof oxygen! per 
minute for 29 female well-trained subjects 20 to 30 years 
of age, cycling at 900 kgm/min. These results should be 
expected to be slightly greater in value since they were 
obtained from a group of well-trained females. Macnab and 
Conger (49) reported values of 2.53 to 2.79 for 40 females 
aged 17 to 23, who were participants on intercollegiate 
athletic teams, working at 450 KPM. For 40 non participant 
volunteers, the results ranged from 1.89 to 2.01 over three 
trials. These lower values, in the case of the non parti- 
cipants, was probably the result of a lesser degree of 


cardiovascular fitness of the subjects. 


As may be seen from the successive means for all 28 
subjects in Table IV and Figure I, - there was a slight increase 
in the mean steady state heart rate for trial 2, and then a 
slight decrease in trial 3 and trial 4. There was also a 


slight increase in the variance of results for eben hes Vt heey 
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Similar results were observed for Group I (the low work 


load “group) 7,’ as’ ‘shown “in ‘Table /V.. 


For Group II (the high work load group), there was 
a general decrease in the mean steady state heart rates 
over the four trials, the greatest decrease occurring 
between *trivale2 fand Ceriall 3uieeAgaimAtthe tvarianceminiitr iat 


2 was slightly higher than in the other trials. 


Zahar (75) suggests that this general improvement 
with repeated testing may be due to a training effect, 
resulting in increased cardiorespiratory efficiency through 
practice. Krogh and Lindhard (46) suggested that learning 
may take place in areas where bicycle riding is not too 
popular. Astrand (10), however, states that learning on 


the bicycle ergometer is negligible. 


Shephard (60) and Zahar (75) suggest the increase 
in predicted maximal oxygen intake with repetition of the 
test may reflect habituation and that a feeling of appxre- 
hension may decrease the value of the first test. In this 
connection, the probable effect of anxiety, as reflected 
by the pre-exercise heart rates, listed in Tables XII and 
AL, esiouldsparticularly be noted. “themmcan pre-cxercise 
heart rates for trials 1 and 2 were higher than trials 3 
and 4. As mentioned previously, the mean steady state 


heart rates for trials 3 and 4 were similarly lower. These 
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results tend to support the contention that anxiety, as 
reflected by the pre-exercise heart rates, may decrease 


tnhenavaliesvor athepiirstitrials. 


A significant difference between the means for 
both groups over the four trials (P = .01) was indicated by 
a two way analysis of variance repeated on four trials (72: 
302), as shown in Table VII. A one way analysis of 
Variance repeated on four trials (72:105) for Group I 
indicated no significant difference (P = .05) between the 
mean steady state heart rates, but did indicate a signi- 
ficant difference for Group II. As noted previously, 
however, this difference did not appear to exist between 
Lctolcorim(COntcrol trial) andu2a(stressiitrival)s bub rather 
with trials 3 and 4. These results indicate that the 
test induced stress administered in trial 2 had no signi- 
ficant influence on the prediction of maximal oxygen 


tmtakeat om ei.there che tLoweorrphagh work Woadiqnmoup: 


In an attempt to illustrate any influence that 
the test-induced stress may have had, the mean heart rates 
obtained on all four trials for both groups were plotted 
atathe, beginning of the test, tthe send scot 30 seconds the 
endnote, 20003, 4, 5, and 6. MinutesmoseexecrolsSe, sass snow 
ineeLouLe sli. A slight increase in the mean heart rates 


for both groups at the end of 30 seconds and 1 minute can 
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5a 
be observed in trial 2. These results suggest that the 
experimental stress did influence the mean heart rates 
during exercise, but this influence had disappeared by 
the end of the fourth minute of exercise for Group I and 
by thewend of the) second minute of exercise for Group) Il. 
These results would tend to support the assumption of 
Astrand et al~ (6) that during exercise the psychic 
influence of environmental stress on heart rate and res- 
piration is more or less abolished. They also tend to 
SUppORte borg and) Dahlstrom!s=(20)) contention: that, the 
reliability of the nomogram was higher with heavier work 
loads. However, the above data were not treated statistically, 
and the increase in mean heart-rate from pre-exercise to 30 
aermaursie Wasmonlyarstigncly sirche reine ct oa le 2etidane trialist OG 


Groupe sande actually slower! OreGLOUD EE Er. 


It was mentioned, previously, that a decrease in 
the mean steady state heart rates over the four trials 
did occur, suggesting that habituation of the subjects with 
repetition of the test did affect the results. It should 
be noted, hawever, that this decrease in mean steady state 
heart tates over the four trials was not as great asethat 
reported by Macnab and Connes (49). They reported a de- 
crease of 5.5 beats/min. between trials 1 and 3. The 
results of this study, however, as shown in Table IV, 


indicate a decrease of only 2.4 beats/min. between trials 
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land 3)eandi4:c4 tbeats/min\. tbetweenstrialselvand 4£oart 
may, thus, be suggested that stress may have had some 
influence even though it did not produce a signficant 


difference. 


It is possible that had the test induced stress 
been administered nearer the end of exercise rather than 
at the very beginning, there might have been an influence 
on the steady state values. It is further conceivable 
that had the test induced stress been of greater severity, 
the influence on heart rate may have been more merres and 
prolonged until the end of the exercise period. Taylor 
et ral. (ep)rereporredetiatgthe tin vensoesit ress Foreducedmpy 
a fear of falling on the treadmill produced deviations 
in the steady state pulse rate of one subject for several 
days and did not disappear until the fifth successive 


repetition. 


In addition, the subjects used in this study were 
physical education students in 2nd and 3rd year university. 
Tt is suggested that subjects would be in better physical 
Goncition than non participants.” However, they cannot be 
Classified as highly trained individuals. Rowell, Taylor 
and Wang (57) reported that the stress of catheterization 
resmited mim ialiG.tper fcent Grescen underestimation of maximal 
oxygen uptake with prediction from the nomogram for trained 


subjects, but no significant differences prior to training. 


ae secon sales ni at % 
etiteese secsaey iy ii aaptge’: 
irom fesarises Arch Réeeet ‘slat tea ih tet ne soaentiad tear 7 
soi T . te incr Sacrum at a ‘bap! ons ed 

vd bansiBon o nae de saresat oils sees tests {a8} a 

sndhisivot banabaig 1 eit pi te Sebi ses te 
Jenaves xa? 29aitea sag Sel baat apiug a30se \bhate ottt 
ei tebeviue. AGIT sit 14ev xoudgesdy sem AaB heed | 


gnaw yin eins fic: eagtipwat taco 
eilenteenir apy HAE Din BN Fe, te 
taokawihy 202358 acaba = 
nsec ats ens 


i coi rae 


veep 


od 


55 

Correlation coefficients between the mean steady 
State Meare rate results over the fouretrials, for all 238 
subjects are shown in Table IX. These results were all 
Fomioe co De statistically significant at tne Or tlevel of Ssig— 
nificance and almost equivalent in value. The correla- 
tion coefficient between trials 3 and 4 was slightly higher 
(0.92) further suggesting habituation of the subjects with 
repeated testing. The correlation coefficient between 
trials 2 and 3 (0.88) was slightly lower suggesting perhaps 
a slight influence from the stress factor in trial 2 and 


Somewanticipation erfect. in trial 3. 


Correlation coefficients between the results on 
the four trials for Group I are shown in Table X. Based 
on a group of 14 subjects, and a non significant F 
between the mean steady state heart rates over the four 
trials, there was a low correlation between trial l 
(COHLCLOL Sand) crial 2. (stress trlalje(0s59)),. a, low cor= 
Le tauvonnvpetween Crial 2 and =ttrials> B( Control) s0.47))s, 
ana Low correlations between trial’ 2 and trial 37 (0.51); 


anadetrvalelsana trial 4..(0.50).. 


One would expect a low correlation in these first 
two results due to the test-induced stress in trial 2. A 
higher correlation, however, would be expected between 


trial 1 and trials 3 and 4. These low correlations may be 
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56 
partially explained by the time factor between these 
trials, by the small size of the group, by habituation 
of Tthe@subjectsebyy thes thirdsandrfourth trials)mand 
becausepof; the actual design of the study (i.e., indivi- 
dual workloads were estimated so that subjects reached 


a steady state heart rate of approximately 138 beats/min.) . 


ltecan also’ be®sechtthat tral 2 and? trialvd 
showed a higher correlation (0.61). This result and the 
low correlation between trial 2 and trial 3 may be perhaps 
explained by an anticipation effect in trial 3 resulting 
from the test induced stress in trial 2. The highest 
correlation (0.73) is between trials 3 and 4 which may be 
explained by habituation of the subjects with repetition 


of the test. 


Correlation coefficients for the mean steady state 
heart rates for Group II over the four trials are listed 
in Table X. Again, based on a group of 14 subjects, but 
a significant F between the mean values, it can be seen 
that the correlation coefficients between trial 1 and trial 
A. 42 )eeandstrial 2 cand trial 4) (0.57) sweremnotesignici= 
cantly greater than 0. These low correlations may be 
partially explained by the small group size, the time factor 
between the trials, habituation of the subjects by trials 
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57 
agaimymathe design of the study |(j-e., subjects in Group I1 
were working at individual work loads which were designed 
to produce a steady state heart rate of approximately 164 


beats/min.). 


Correlations Significantly greater than 0 can be 
seen betweens trials. 3 ‘and 4).(0.58)) trials, 1-and 3 (0.61), 
Bet alomemondm 4(0./0) sand era lomlmend2 «(0)./6))u One 
would anticipate these higher correlations in the first 
two instances due to less time between trials and the 
habituation of subjects for trials 3 and 4. The higher 
correlations between trials 2 and 3, and trials 1 and 2, 
would not be expected, however, due to the stress factor. 
This may be partially explained by the proximity in time 
of the tests, and perhaps indicate that the stress ‘ad- 
ministered in trial 2 had even less an effect on the 
Sub jectse in. Group, 11. thansthe, subyectsein, Groups L.~asdhis 
tends to support the contention of Borg and Dahlstrom 
(20) concerning the reliability of results using heavier 
work loads. The higher correlation between trials 2 and 
3 further suggests that there was no anticipation effect 
in trial 3 from the test-induced stress as previously in- 


dicated for Group I. 
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CHAPTER’ V 


SUMMARY AND CONCLUSIONS 


The purpose of this study was to investigate the 
influence of a test induced stress on the prediction of 
maximal oxygen uptake as determined by the Astrand-Ryhming 
Nomogram. The variation of results with subjects working 
at a low work load, producing a steady state heart rate of 
approximately 138 beats/min., and subjects working ata 
heavier work load, producing a steady state heart rate of 


approximately 164 beats/min. was also studied. 


Twenty-eight female subjects in second and third 
year physical education at the University of Alberta, aged 
Toe COe2 os Vears, made: up the sample. | Four Leste were ad= 
Ministered to each subject over a period of 3 to 4 weeks 
with a minimum of 2 and maximum of 5 days between each 
test. Each subject was assigned randomly to the low 
(Group I) or high (Group II) work load group following an 
initial test. No indication was given to subjects that 
there would be a test induced stress administered at the 


beginning of the second trial. 


The test itself was performed on a Monarch Bicycle 
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Ergometer. Subjects rode at a work load calculated to 
produce a steady state heart rate close to 138 or 164 
beats per minute after 6 minutes of exercise. Heart rate 
was recorded at intervals of 1 minute throughout the test. 
At the beginning of the second trial a pistol was fired 
into the air once directly behind the subject's head. 

The Astrand-Ryhming Nomogram was then used to determine 


the maximal oxygen uptake for each subject on each trial. 


Pearson Product-Moment Correlation Coefficients, a 
two way analysis of variance repeated on 4 trials, anda 
one way analysis of variance repeated on four trials pro- 


vided the basis for the statistical analysis. 


The mean steady state heart rates for the four 
trvalserOr elle2s subsects weleuccec Ol LOWS te 4 ULw Oe On ON, 
47229, 145. 030., EOreGroupel ~thes results wero: 13547 14r 
seGe 06 ml 35254, wl Oo. 0) ae tOLmeEGlLOUpDsl ly thom Leow lit ca weror 
165 602 9165.29) 6159.04 0 157.69 smelnesstaticticalsanalysis 
indicated that there was a significant difference between 
Hhesmecanseovets ther tourestrialsstoreGroups ile (Pe=n.0 ly) 

This difference was not between the control (trial 1) and 
stress (Getentes gil 2) trials, however, but appeared to be 
Detweenleriale Leand os , trials se bedhde4meciiolsezeandasy, 


ana) trials. zeandae4. 


It was further noted that the decrease in mean steady 
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state heart rates with repeated testing was not as great as 
that reported by Macnab and Conger (49). This suggested that 
although the influence of stress did not produce a significant 


difference in results, perhaps it did have some effect. 


The correlation coefficients between the four trials 
for all 28 subjects indicated a slightly higher correlation 
between trials 3 and 4, suggesting habituation of the subjects 
with repeated testing. There was also a slightly lower cor- 
relation between trials 2 and 3 suggesting some influence from 
the stress administered in trial 2 and perhaps some anticipa- 


EPOnsertLeCcuUTin cllalwo. 


The results for Group I indicated low correlations 
between trial 2 and trials 1 and 3; low correlations were 
also shown between trial 1 and trials 3 and 4. It was 
POznECOmOUce LU adtal Decl SmLLiGtEset, Oceresults);. asconterl_buc— 
ing factor was likely the test induced stress administered 
Pietriale2. sine the Second SevrOr results snabttuation on 
thes part. ob cue, subjects, the time lapse between trials, and 
the actual design of the study, were probably contributing 
factors. The higher correlation between trial 3 and trial 
AP alSoO Suggests habituation Of the Subjects py the LTatcer 


trials’. 


For, Group it, low conrelations were reported for 


trial teand trial 4, and trialv2wandatiialig4;), agcin suggest— 
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61 
ing habituation and the influence of the time lapse between 
trials. Correlations significantly greater than 0 (P = .01) 
were shown between trial 2, and trials 1 and 3, suggesting 
that the stress factor had very little influence with Group 
It. The higher correlation between trial 3 and trial 4 (P = 
70) }*, mange. Diol ond trialeselPe=— Ono) furchoerrinds cated 


habituation of the subjects in the latter trials. 


It was noted that a general trend of improvement 
occurred over the 4 trials for both groups indicating a 
decrease in apprehension with repeated testing. No attempt, 
however, was made to distinguish between this factor and 


training and learning effects. 
Conclusions 


Within the limits of this study, the following 


conclusions have been made: 


1. For the population studied, stress appeared to have no 
significant influence on the prediction of maximal 
oxygen intake as measured by the Astrand-Ryhming nomo- 
gram. 

2a stress did-appear tO influence siieeiican near carates 
during the initial period of exercise, however, this 
influence was abolished before the conclusion of exer- 


cise. This influence was more prolonged in the case 
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62 
of the low work load group. 

o. Improvement in prediction occurred with repeated testing 
of the subjects. No attempt was made to differentiate 
between training and learning effects. Familiarization 
of the subjects with the test may have contributed to 
this improvement. 

4, The reliability of this predictive test appeared to be 


higher with heavier work loads. 
Recommendations 


During this experiment, several other associated 
areas of investigation became apparent. Therefore, the 


following studies are recommended: 


1. A study designed to investigate the influence of a 
more severe stress on the prediction of maximal oxygen 
uptake. 

2. A study to determine the influence of stress adminis- 
tered nearer the completion of exercise. 

3. A comparative study of the influence of stress on 
trained and untrained subjects. 

4. A study to investigate the distinction between learn- 
ing pecialnwid ;sandehavd CudllOnme LaecCtSmI ae tLhe inp Love. 
ment in prediction of maximal oxygen intake as determined 
by the Astrand-Ryhming Nomogram. 


5o8 A study including a separates conturolegqroup, in order to 
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63 
compare the normal improvement with repeated testing 
that occures with the changes that occur when a test- 
induced stress is administered in one of the trials. 
Previous studies have indicated greater decreases in 
mean steady state heart rate values with repeated 
testing than those reported in this study (especially 
between trials 1 and 2). This control group would have 
to be completely separate, perhaps tested in another 
location, so that if word of the stress should get out, 
the subjects in the control group would not hear about 
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APPENDIX A 


STATISTICAL TREATMENT 
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Correlation Coefficients. Correlation coefficients between 
the four trials of predicted maximal oxygen uptake were 
obtained by use of an IBM-1620 Electronic computer program 


(DEST 02) at the University of Alberta computer center. 
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Coefficients for Correlated Samples. To test the difference 


between any two correlations based on correlated samples a 


t value was calculated using the following formula (70:257): 
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The t was tested for significance with N-3 degrees 


of freedom. 


Analysis of Variance. An analysis of variance designed to 
test the significance of the difference between means ob- 
tained from correlated groups (two criteria of classifi- 


cation and repeated on 4 trials) was used in this study 
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STEADY STATE HEART RATES FOR INDIVIDUAL 
SUBUECTS «IN «GROUP rel (OVERSTHESFOUR 
TRIALS <IN BEATS PER MINUTE 
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SUBJECTS OVER THE FOUR TRIALS IN LITRES PER 
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MINUTE HEART RATES FOR EACH SUBJECT BEFORE 
AND DURING TRIAL 1 IN BEATS PER MINUTE 
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MINUTE HEART RATES FOR EACH SUBJECT BEFORE 
AND DURING TRIAL 2 (STRESS TRIAL) IN BEATS 
PER MINUTE 


ar ae 


Exercise Heart Rate at: 
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MINUTE HEART RATES FOR EACH SUBJECT BEFORE 
AND DURING TRIAL 3 IN BEATS PER MINUTE 


Exercise Heart Rate at: 


Subject Pre 30 1 2 3 4 2 6 

Number Exercise sec MInecwzn HMEnt MENG min min 
Group I 

A 70 dinky Wark iiss eal eds) Mebeeet  iWeyelee ike 

98 129° 230) Pie 129 ~132 i382 

3 91 tS 130 F209 322 #1322 334 236 

4 73 100 1S inf 126 222° 220 122 

5 88 122 129° 12129 ¥25 236 222 229 

6 67 98 je es ee yee WS LS eee ed ee 

7 Z2 102 TAQ. Las “205° 132 ae 22 

8 87 129 136 142 145 143 4348 148 

9 68 106 326 132 332 132 143 145 

10 66 107 ¥bh 222° ° 329 (125 2a6g is2 

Lh £0 98 423 «8.125 133. 1430. 242. tah 

12 82 110 123 #3232 247 28 jI45 145 

13 50 108 118 220 332 14) WMS 145 

14 63 108 125 132 4329 245 243 245 
Group if 

ik 80 eS 1G, ee ae ee Sed 

2 76 5 eo Pe ie ein el el eee 

S, 66 118 Pee PAS Sc is Poe to 

4 a7 125 Tae ore | So) 16. 164 Loe 

5 78 129 Tey Tes T50 £50" 5S I50 

6 Ss 120 34.145 145 1468 1550 155 

t VL 129 is 15) I6e ev Joep 62 

8 76 iso 156 I6v i164 Lio _ 270 

9 65 129 iss 3250. 156 6 Vow 167 

10 65 120 t4v 4p 46 > 150 150 

LE 67 129 T4e 2503 D556 1602 led 164 

EZ We be2 135 145) 140 155) Y55) low 

BS 69 iis i556) ise ine iv FS 


a = ee 
a ee => a al 


i 


94 


MINUTE HEART RATES FOR EACH SUBJECT BEFORE 
AND DURING TRIAL 4 
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The Calculation of the Individual Subject's Work Load 


In order to calculate the work load which would produce 
a steady state heart rate of approximately 138 beats/min. 
for the subjects in Group I and 164 beats/min. for the 
subjects in Group II, it was necessary to determine the 
steady state heart rate achieved by each subject working 
at an initial work load of 600 KPM. If S = steady state 
heart rate (at 600 KPM) and d = desired heart rate (ieee 
close to either 138 beats/min. or 164 beats/min.), then 
it is possible to compute the desired work load using 


the following formula: 


Work Load = ad x 600 
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